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I The time course of the fall in blood cadmium concentrations after cessation of exposure has been 
’■ measured in nine workmen exposed to cadmium. When the initial blood cadmium concentration 
j was below 180 nrnol/1 (six subjects) it declined smoothly and roughly exponentially, with a mean 
half-life of 20.4 months and a final asymptote of 70 nmol/1; in the remaining three subjects (initial 
( blood cadmium concentration above 180 nmol/1) the decay was less regular and more prolonged 
1 ■ (mean half-life 31.4 months, final asymptote 92 hmol/1). The significance of these results in relation 


to occupational cadmium exposure is discussed. 


Introduction 

There are marked differences of opinion about the 
rate of fall of blood cadmium concentrations in 
workers exposed to cadmium after cessation of 
exposure; Piscator found a biological half-time of 
‘about half a year’ (data quoted by Friberg et al., 
1974), Kjellstrom (1977) found a half-time of 80 days 
and Welinder el al. (1977) half-times which ranged 
from 24 to 146 days. The results presented in the 
present paper provide further information on this 
subject. 


Methods 

The measurements were made on nine workmen 
whose chief employment was the hard-soldering of 
refrigerator heat-exchanges. At the start of the 
' investigation (1976) their mean age was 50,8 years 
(SD 8.7 years); their mean duration of employment 
was 23.7 years (SD 9.1 years). Before 1976 the solder 
contained some 25% cadmium; but in 1976 it was 
replaced by a cadmium-free solder because of the 
health hazard posed by the generation of cadmium 
oxide fume during soldering. 

Blood cadmium concentrations were measured on 
venous blood samples obtained in 1976 and at 
approximately yearly intervals thereafter until 1984. 
Urinary cadmium concentrations were measured in 
1976, 1977 and 1980. Urinary P 2 ->nicroglobuiin 
■ concentrations were measured in 1980. The analyses 
were carried out at the Health and Safety Executives' 
t, Cricklewood laboratory by using atomic absorption 
I spectrophotometry, The co-efficient of variation of 


repeated measurements of blood cadmium on the 
same sample is around 3% (D. Gompertz, personal 
communication). The measurements were made as 
part of the routine biological monitoring of the work¬ 
force and all individual results were fed back to the 
worker concerned. 


Results 

The subjects’ ages, durations of employment, initial 
(whole) blood cadmium concentiations, urine 
analyses and smoking history are presented in 
Table 1. The six subjects who had initial blood 
cadmium concentrations belorV 180 nmol/1 showed 
a remarkable uniformity in the time course of their 
blood cadmium decay after cessation of exposure 
(Figure 1). Least-square fitting of a single expo¬ 
nential to the pooled results gave a biological half¬ 
time of 20.4 months, with an asymptote of 70nmol/f. 

The three subjects who had initial blood cadmium 
concentrations of 180 nmol/I or above showed less 
uniformity (Figure 2). Exponential curve filling gave 
a half-time and asymptote of 31.4 months and 
92 nmolfl respectively; but the variability of the 
individual decay curves is such that these parameters 
must be regarded as approximations only. 

One worker, subject no, 7, had a markedly 
increased urinary (Ji-microglobulin concentration 
and a urinary cadmium concentration which was 
raised out of proportion to his blood cadmium con¬ 
centrations (see the Discussion section). 
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Tuhle 1 
in 

Biochemical measurements 

k>n nine 

workers expt)sed to 

cadmium 

before and after cessation of exposure 


S'chft'L'l 

no. 

Rhoil vaihuittni 

{tjmol/!} {!976) 

Date of 
birth 

III 

fimi 

Vrinary 

1976 

citihmum 

1977 

(nmoUl) 

mo 

fij- Wicroglobulirt 
t\Lg(mmo} of Creatinine) 

Sfnoking 

history 


1 

1.37 

1921 

24 

rND 

39 

23 

11 

20-30 cigs/day 


> 

I4S 

1921 

39 

< 20 

101 

106 

11 

Non-smoker 


3 

lli9 

1921 

28 

42 

98 

74 

10 

Ex-smoker 


4 

139 

19.13 

13 

117 

53 

120 

10 

10-20 cigs/day 


5 

138 

1944 

4 

< 20 

ND 

— 

— 

10 cigs/day 


5 

126 

l<)28 

27 

110 

112 

93 

14 

Non-smoker 


7 

180 

191.3 

28 

210 

379 

198 

1.3.51 

Pipe. 2 oz/week 


8 

189 

1922 

31) 

55 

21 

54 

7 

20 cigs/day 


y 

226 

1912 

29 

37 

256 

158 

49 

10 eigs/day 


ND = mit detected; cigs = cigarettes 


Discussion 

lilt; Liniforntity of the rules of decay of blood cadmium 
after cessation of exposure in the six subjects whose 
initial values did not exceed ISti nmol/l is striking and 
suggests a biological half-life for cadmium (in the 
blood) of around 20 months. This is somewhat longer 
than has been found by other workers (see the 
introduction section), The reason for this discre¬ 
pancy is unclear, but it may be that the subjects 
studied in the present investigation had been exposed 
for a longer period than those Studied in other 
investigations. At the start of the investigation the 
mean duration of employment of this group of six 
workmen was 21.0 years (SD 10.3 years); it is likely 
that cadmium-containing hard-solders had been in 
use for much of this time, although definite informa¬ 
tion on this point is not available. The final asymptote 
for this group of workers lay within the normal range 
for non-exposed subjects (Ceiniek & Sayers. 1975); 
the resultsdo not. however, rule oat the possibility of 
an additional, very long-term decay of blood 
cadmium concentrations, with a half-time of perhaps 
ID years, as has been suggested by other investigators, 
e.g. Friberg (1977). No clear dil'ferenee is apparent 
between the final asymptotes of the two non-smokers 


and those of the four current or ex-smokers. This 
finding is interesting in view of the common experi¬ 
ence that blood cadmium concentrations arc higher 
in non-occupatlonaily exposed subjects who are 
smokers than in those who are not. a fact normally 
attributed to pulmonary absorption of cadmium from 
inhaled cigarette smoke {Lewis et al.. 1972). 

Attempts to calculate individual decay constants 
w'cre frustrated, as is often the case with curve-fitting 
exercises of this type, by uncertainty about the final 
asymptote; there was, however, no obvious relation 
between the rate of decay and the individual's 
duration of employment, urinary cadmium concen¬ 
trations or smoking history. The urinary pi-micro- 
globulin concentrations in these six subjects were all 
within the normal range for workers not exposed to 
cadmium (Stewart & Hughes, 1981). 

The variability of urinary cadmium concentrations 
has been commented on by other investigators, e.g, 
Nordberg (1972). and is apparent in the results of 
King (19SU). although not specifically commented on 
by him; this fact, and the slight, albeit not statistically 
significant, increase of mean urinary cadmium 
concentrations with time in the six subjects exposed 
minimally (1976, 48.2-± 52.6; 1977, 67.2 -f 43.8; 




Figure 1 Blood cadmium concentrations utter cessation of 
exposure in six subjects with initial levels of cadmium below 
180 nmol/t 


Months 

Figure 2 Blood cadmium concentrations after cessation of 
exposure in three subjects with initial levels of cadmium of 
ISt) nrnol/l or above 
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i concentrations after cessation of 
i with initial levels of cadmium of 


1980. 83.2 ± 37.7, nmol/1, mean ± SD) and the 
extreme variability seen in the other three subjects, 
suggests that this measurement is of little value for 
the biological monitoring of workers exposed to 
cadmium. To quote Iwao ci al. (1980): ‘urinary 
cadmium is an indicator of the past exposure and 
continues to be excreted for a period of years, oven 
after cessation of exposure'. The upper limit for 
urinary cadmium concentrations in non-oxposed 
subjects is 45 nmoi/1 (British Occupational Hygiene 
Society, 1977). 

It is diflicult to make any general comment about 
the results for the three subjects whose initial blood 
cadmium concentrations exceeded 180 nmol/I, other 
than to say that their rates of decay seem to be slower 
than those in the subjects whose intake concentration 
was below ISO nmol/1, and to approach a linal value 
which is outside the normal range for workers not 
exposed to cadmium. 

Tile present results suggest that, provided that 
cadmium exposure lias not been too great, the blood 
concentration on cessation of exposure falls progres¬ 
sively to reach a value which is within the normal 
range for subjects not exptjsed to cadmium. The 
results do not. however, permit the determination of 
a definite 'biological limit value' above which 
workers exposcit should be removed from further 
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exposure. For example, subject no. 3, with an initial 
blood cadmium concentration of 169 nmol/1 fell 
progressively to a satisfactory level: but this is not the 
case with subject no. 7. who had an initial blood 
cadmium concentration of 180 nmol/1, whose level 
fell much more slowly and who indeed seemed to 
have developed a degree of renal damage, pre¬ 
sumably as a result of his cadmium exposure! No 
information is, however, available on this subject’s 
blood cadmium concentrations before 1976; it may 
be that, before that date, they wore considerably 
higher, because it is generally' agreed that, once renal 
damage has occurred, blood cadmium concentra¬ 
tions tend to fall as cadmium is excreted in the urine 
(Britain Occupational l iygicne Society, 1977). 

As regards the determination of a safe biological 
limit value for cadmium, all that can safely be said is 
that the present results are not in conflict with the 
recommendation that, in most people, a blood 
cadmium concentration of 150 nmoi/l is unlikely to be 
associated with serious kidney damage, and is at the 
same time likeiy to fail satisfactorily after cessation of 
exposure. This is substantially higher than the 
biological limit value of 100 nmol/t suggested by 
l.auwerys (1980). Clearly, however, further informa¬ 
tion is needed on interindividual variability before a 
definite statement can be made on this point. 
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